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REVISED IM DESCENT AND ASCENT AV BUDGETS
FOR THE LUNAR LANDING MISSIOY

By Fioyd V. Bennett
INTRODUCTION AND SUMMARY

The IM operational AV budgets for the lunar landing mission were
reported on May 16, 1967 in reference 1. The rationale for the descent
budget of reference 1 was essentially that reported in reference 2.
However, receat developments have resulted in changes aad in some cases
invalidation of that rationale as well as the rationale for the ascent
budget.. For example, the nominal CSM/IM parking orbit altitude was
lowered from 80 to 60 n. mi. by the Configuration Control Board (CCB)
on November 27, 1967. Also, ground-based simulation and information
obtained from the Orbiter and Surveyor missions have resulted in a
reevalvation of flexibility and dispersion allowances. The purpose of
this report is to present revised AV budgets for the IM descent and
ascent (ortit insertion only) and the associated rationale which incor- -
porate the latest developments of mission changes and knowledge of the
lunar surface characteraistics.

The revised IM descent and ascent AV budgets are T180 and 6060 fps,

respedtIvely, Tor the lunar dlanding mission. These budgets supersede

those reported in reference 3.

DESCRIPTION OF IM DESCENT AND ASCENT MANEUVERS

A sketch of the IM descent from the CSM orbit to touchdown cn the
lunar surface is shown in figure 1. The descent consiste of a Hohmann-
type orbital transfer from the 60-n. mi. circular CSM parking orbit to
a pericynthion altitude of 50 000 ft. At pericynthion, the powered-
descent maneuver is initiated approximately 260 n. mi. from the landing
site. The powered descent consists of three cperatiuiial phases - braking,
final approach, and landing. The braking phise, initiated s pericynthion,
is designed for efficient reduction of the orbital velocity and terminates
at a position termed hi-gate. Hi-gate occurs at an altitude of approxi-
mately 9000 ft and a range-to-go of approximately 5 n. mi. The final
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epproach phase, beginning at hi-gate, is designed to alluw for pilot
visual (out-the-window) assessment of the landing area and for abort
safety. This phase terminates at a position termed lo-gate, which
occurs at an eltitude of approximately 500 ft and a range-to-go of
approximately 1600 ft. The landing phase, beginning at lo-gate, is
designed to provide compatibilily for pilot takeover trom the automatic
control and to provide the capability for the crew to perform detailed
visual assessment of the landing area. This phase includes a slow
vertical descent from approxima:ely 65 ft and terminates at touchdown
on the surface. References 2 aid 4 give further details of the powered
descent. (These references assume a descent transfer from 80 n. mi.;
gowever, ghe desigr rationale for the nominal descent is unchanged for
0 n. mi.

A sketch of the_LM powered-ascent maneuver for lunar orbit insertion
is shown in figure 2. This maneuver consists of two operational phases,
a vertical rise phase and a near-ontimum (propellant utilization)
guidance phase. The vertical rise phase is designed io establish a
veértical rise Ior terrain clearance before pitching over for the near-
optimum guidance attitude. The vertical rise is terminated on achieving
an ascent rate of 50 fps. The near-optimum guidance phase is designed

for efficient APS thrusting and 15 %erminafeﬁ on acﬁlevi§§ iﬁgéfiiﬁﬁ: —

into safe orbit. Safe orbit is defi

active IM can complete Ten gggggg;g;;h_;hg_csu_ns1ng_thg_Bﬂa_xhnusxgngL__
and propellant, or (2) the inactive IM can be rescued by the CSM. If

the CBM Is_in a 60-n. mi. orbit, the IM is required to insert intoa
10-"by 30-n. mi. orbit. (Descriptions of the IM rendezvous and CSM

rescue capabilities are beyond the scope of the present report. )

REVISED IM DESCENT AV BUDGET

The revised LM descent AV budget approved by the CCB on November 27,
1967 is shown in table I. This budget supersedes the one given in
reference 3. Four types of allowances are provided for esch phase of
the descent. These are’

LM AT, et a

(1) The nominal mission.

(2) Ip-flight flexibilities (for planning maneuvers in addition
to the nominal).

R LA 28 A b el Rt

(3) Contingencies (for abort situations).

(4) Dispersions (for off-nominal systems performance).
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The phases of the descent have been described in the rrec~ding
section and in figure 1. A brief discussion of the rationale for the
revised budget allowances follows.

The total LM descent AV budget for the lunar lanalng mission is
7180 fps, Thic budget reflects the ch GTrEing Orbit
altitude from 80 to 60 n. mi. Further, this budget reflects a reevalua-
tion of the dispersion analyses with curren® systems performance and
latest knowledge of the lunar (srrain characteristics established by _—‘\\\
Orbiter and Surveyor spacecrafts. _

Nominal Mission

Jhe allowance of 71 fps prov.des for a Hohmann-type injection from
& 60-n. mi. circular CSM/IM varking orbit into & bU-n. Wi. DY S0 000=rt—
elljptical transfer orbit from which powered descent is initiated.

The braking phase allowance of 5345 fps provides for efficient
reduction of the orbital velocity at pericynthion of the descent transfer
to echieve the hi-gate state vector. The hi-gate state vector occurs
at an altitude of approximately 9000 ft and represents the position,
velocity, and acceleration required for initiating the final approach
phase (ref. L).

The allowances for the final approach and landing phases of 866
and 406 fps, respectively, provide for the remainder of the powered descent.
These phases are designed to provide pilot visual (cut-the-window)
assessment of the approach for abort safety and for manual control of
the landing. These allowances are required for satiszfying the required
targeting given in reference 4. The landing phase allowance provides
for a nominal time of flight in this phase of 1 minut=: 8 seconds.

The total pominal allotment for the revised descent budget is
€688 fps.

In-Flight Flexibilities

Nominally, the IM descent maneuver iz performed in the plane of
the CSM orbit. Whethe., or not the descent occurs in plane or out of
plane depends on performing the descent during the orbital revolution
that carries the CSM directly over the landing site (for nonequatorial
orbits)., Operational flexibility is provided to permit the descent %o
be perform=~d up to twe revolutions earlier or later than the overhead
pass. An ailowance of 10 fps in the braking phase is required for the
out-of-plane (0.3°) landings.

:
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The 1anding site redesignation allowance in the final epproach
phase was originally intended to allow for gross redisignations

(6000 ft) with the landing poiut designator (LP}) in the event large

areas (or large single features) of undesirable terrain roughness were
Analysis of recent Orbiter

present in the landing dispersion ellipse. ks
photogrraphs of the lunar landing sites have shown fhie not to be the -
case. However, what is expected (based on ticse phofos) is severar — —
~craters on the order of several hundred feet in dismeter randomly

located with;g'the dispercsion ellipse. Therefore, it is anticipated

that the LPD wilrbe-used—tomeke—one—+o three corrective maneuvers to
avoid the randomly-located hazards. Based on the results of piloted
analog simulations (conducted by the Guidance and Control Division) an
aliowance of 60 fps iz proviiedfor-—these mameuvers-—-With—dris—eidowance,
any one of the following sets can be acccomplished. .

(Typical examples.)

a. Single range redesignation of 3000 ft @ 3000-ft altitude.

First, 2000 ft @ 5000-ft altitude.

b. Double range redesignation:
Second, 1000 f{ @ 1500-ft altitude.

First, 1000 ft € 5000-ft altitude.
Seccnd, 1000 ft € 3000-ft altitude.
Third, 1000 £t @ 2000-f+ sltitude.

¢. Triple range redesignation:

A flexibility allowance is provided ia the landing phese for manually

maneuvering the final touchdown point to avoid terrain protuberances or
creters in the immediate area of the touchdown. Also, it includes a
minor allotment (less than 10 fps) for an azimuth adjustment to improve
lighting conditions (sun washout phenomena, see ref. 2). - Due to the
random nature of the local terrain features the criteria established in
gimulations is translation time as opposed to a specific redesignation
distance. Based on piloted analog simulations coxnducted to date, a
time allocation of 30 seconds has proven satisfactory. However, due to
the hazardous nature of this meneuver coupled with a presenti lack of
flight simulations an additional 20 seconds fcr a total allowance of

50 seconds is provided (pending flight simulation experience e&nd confi-
dence). This requires a AV allowance of 265 fps for manual maneuvering

as shown in table I.

Contingencies

During the descent orbit transfer, braking phase, and final approach
phase, no contingencies or aborts have been identified whick require addi-

tional AV allowances. During the landing phase, one contingency Is Iden-
tified. This contingency is associated with combinations of altitude and
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descent rate which prohibit an abort with the APS due to insufficient
acceleraticu to prevent surface impact. When such combinations occur,
the IM is committed to a single course of action = landing. The nomingl
descent is designed to minimize the time of flight in this no-abort re-"
gion. Nominally, the no-abort region occurs during the vertical descent
(below 60-ft =2ltitude); however, under manual control, the pilot can com-
mit to a landing anytime during the landing phase (below 500-ft sltitude;.
Before cormitting to the landing, the pilot should be assured thal sui-
ficient propellant is available to do so; if not, an abort is initiated.
Thus, based on fuel-gage biasing, an allowance of 40 fps is provided to
null the descent rates befcre staging for abort.

Dispersions

The dispersion allowance provides for 30 systems perforuance dis-
persions. Each dispersion is assumed to be independent; thus, the al-
lowances are root sum squared (RSS). The total RSS dispersions allowance

is 117 fps.

A 28-fps allowance for the orbital transfer and the braking phase .
is provided for dispersions up to 10 n. mi. in the CSM/IM parking orbit -
altitude. This altitude increase (or decrease) - "sults from CSM disper-
sions in targeting the translunar midcourse corrections.

The allowances for navigation uncertainties, DPS,thrust varistions,
and landing radar uncertainty in the braki hase are Lased on disper-
sion analyses conducted by MIT/IL reported in references 5 and gAggi
unpublished studies conducted by Guidance and Control Division (6cD)
and Missjon Plaruning and Analysis Division. ‘lerrain profiles used for
landing rgda:r uy._ates were based on mathematical profiles and on those

generated from Orbiter pnotographs. The 30 DPS thrust uncertalnties
at FTP are +1.5 percent and -2.5 percent (rel. 7).

o IR AR e b
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The 60-fps allowance for lsnding radar uncertainty in the landing
phase provides for a slow vertical descent caused by landing radar
dispersions in estimating the vertical descent rate.

The 80-fps allowance for variations in msnual coatrcl techniques
provides for 15 seconds variation in flight time; this allowance is based
on piloted aralog simulations conducted by GCD.

L
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REVISED LM ASCENT AV BUDGET

(Qrhit Insertion Only)

The revised IM ascent AV tudget epproved by the CCB on November 27,
1967 is shown in table II. Thi: budget supersedes the one in ‘ersrence 1.
This budget provides for the same four types of allowances giv-. for the

descent: nominal, flexibility, contingencies, and dispersions. The
ascent i To the main APS Thrusting maneuver for

budget _applieg only
launching off the lunar surface (see Tig. 2) INtD Sulfe Oroit from———
which (1) %he active LM can perform Tendezvous with the Orbiting oo

using the RCS thrusters and propellant, and (2) the inactive IM can be

rescu RCS_AV budget requirement for completing the

rendezvous—is beyond the scope of the present report.)

AN

Nominal Mission

The total IM ascent AV budget (orbit insertion only) for the lunar

landing mission is 6060 fps. This budget reflects the change in CSM

b

i
i

parking orbit altitude from 39 to 60 n. mi. ;
The nominal mission allowance of 6030 fps provides for the launch g

to pericynthion of & 10- by 30-n. mi. orbit. For an initial thrust-tc- g
weight ratio of 0.32, the launch allowance jincludes a vertical rise g
until a verti_al rate of 50 fps is achieved. =
rg

2

Flexibilities 3

2

7

Nominally the ascent is performed in the plene of the CSM orbit.
An sllowance of 20 fps is included to provide the capability of steering
into thke CSM orbit plane for launches occurring up to 1/2° out of plane.

SEE

Contingencies

For the CSM in an 80-n. mi. circular orbit it was required that
aborts off the descent insert into a higher energy orbit (than nominal)
for CSM rescue capability. If the CSM ic in & 60-n. mi., circulsr orbit,
the phasing for aborts off the descent are such that CSM rescue of the
IM can be achieved from the nominal 10- by 30-n. mi. orbit.- Thus, the
targeting for aborts is the same as for nominal launch and no contingency
allowance is required for the revised budget.




_———— —

Dispersions

An allowance of 10 fps is provided for 3o PGNCS guidance and APS
thrust dispersions. No additional allowance is required for AGS guidance
errors since the AGS is targeted to a standard velocity cutoff. (AGS
errcrs will require a large allowance on the AV budget for rendezvous.)

CONCLUDING REMARKS

Revised IM descent and ascert (orbit incertion only) AV budgets
for the lunar landing mission as approved by the CCB on November 27,
1967 have been presented. The - ;E~8‘3P*nent budget is 7190 fps, and
the revised ascent budget is wﬁun ipr. Tue budgzts reflect (1) the re-
duction in the CSM/IM pr.wing orbi altitude from 80 to 60 n. mi., and
(2) a reevaluation of ihe fiexibility, contingency, *rnl dispersion al-
lowances for the descapt in view of recentaTﬁTS"E"*‘n obtained from

Orbiter and Surveyor missions.




A e =

w ‘0T 0TL6 IO 3Snauy JId pue ar #12€ €€ Jo JyBrom pagjmaedas T WAWIX®W U0 vmmmmﬁ —_
W *3J 0006 °Pn3T3le uuuw...*,mm —
_ L
0RTL T1839L
0g - - - sanb Tuydsy TOIJu0d
Tenusw Ul SUOTIBTJIBA 4!«,
09 - — - AjurerIaourn Y1
LT - - on - SUOTYBIJIBA 3SQIRY SdQ f—
- - oy - S313UTR.IS2UN
: uredIs] pus uojlrefTaAny
i -~ - ST £T £qure3zasoun
°pU3ITIT® JTQI0 WSO T1T—
:{ssy) suorsasdsiq
o - - - qa0q8 J0J 881q o8ed [ong
: 8¢ TousSUTIUO)
<92 —_— -_— R (woT3BTSURLT D38-0G)
© TurasAnaUBK TENIBK
- 49y - 09 - - (savAnsusw qdT)
UOT3OITa8 83F8 Furpuery
- _— - ot - ' quaosap aueTd-JO~1N(0
(SITITTTUTXSTS
8899 904 998 SHES L 3TQI0 JIBINOITD e
‘W *u=0g WOJ§ JUATSI(Q
:_ToagwoN
R
182307 assud .mmm.wnm assud Js Jsusa:, juawaxTnbay
Suipus] yowoxdds TBUTJ Suiyxeag 1La9089(Qq
sdy ©Av
[L96T @squaaoN ‘dDD @y3 £q psadaddy]

_ LADANG AV INHDSAd WI (ISIAFM -°I JATIVL




TABLE II.~ REVISED IM ASCENT

(CRBIT INSERTION) AV BUDGET

{Approved bty the CCB,

Nominal ':nissione':

isunch into 10- by 30-n. mi, ortit

Flexitilities:

Out-of'-plane (1/2°) launch

Contingencies:

None identified . . . . .

Diaspersions:
PGNCS and APS errora . .

AGS e™rors .« « ¢« ¢ o o o

Totu * e 8 ® e e e« s s 9

November 19€7]

“Based on initial thrust-to-weight ratic of 0.33.
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